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[Title of the Invention] PRESSURE WAVE GENERATOR 
{Abstract] 

[Problem] To provide a pressure wave generator not easily susceptible to 
influences of external vibration and external pressure, capable of stably 
generating a pressure wave such as an ultrasonic wave over a wide frequency 
range, and capable of being easily produced by applying present integrated 
circuit technology. 

[Means for Solution] The invention uses pressure wave generation means 
including a heat generating member thin film that is electrically driven and is 
deposited on a heat insulating member A pressure wave is generated by giving 
electric properties to the heat generating thin film and also imparting 
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temperature change at a frequency of an ultrasonic wave to the air layer on the 
surface of the thin film. In the invention, the heat generating member is 
specially formed into a thin Film shape to increase the surface area, a porous 
layer having an extremely. low heat conduction factor is sandwiched between the 
heat generating member and the substrate is enlarged, and a heat insulating 
layer is disposed to thermally insulate the heat generating member from the 
substrate. In this way, the temperature change on the surface of the heat 
generating member can be increased and efficiency of the ultrasonic wave 
generation is Improved. 

[Claims] 

[Claim 1] 

A pressure wave generator comprising: 
a substrate; 

a heat insulating layer disposed on the sabstrate; and 

a heat generating member thin film disposed on the heat insulating layer 
and driven electrically. 
[Claim 2] 

A pressure wave generator according as defined in claim 1, wherein the beat 
insulating layer is a porous layer. 
[Claim 3] 

A pressure wave generator according as defined in claim 2, wherein the heat 
ins«lating layer is a polymer material. 
[Claim 4] 

A pressure wave generator according as defined in claims 1 through 3, 
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wherein the heat generating thin film is an insulating thin film. 
(Claim 5| 

A pressure wave generator according as defined in claims 1 through 3, 
wherein the heat generating thin film is a Peltier element. 
(Claim 6] 

A pressure wave generator comprising: 
a semiconductor substrate; 

a porous layer disposed on the semiconductor substrate; 

a ribbon-like metal thin film deposited onto the porous layer; and 

driving signal terminals provided to the ends of the ribbon-like metal thin 

film; 

wherein a pressure wave is generated by using the ribbon-like metal thin 
film as a heat generating member. 
(Claim 7J 

A pressure wave generator as defined in claim 6, wherein a plurality of 
ribbon-like metal thin films are disposed, and the ribbon-like metal thin films are 
arranged with a specific gap between them in one or two dimensions. 

(Claim 8] 

A pressure wave generator as defined in claims 6 and 7, wherein a plurality 
of protrusions and concavities are formed making ribs on the surface of the 
semiconductor substrate, and the porous layer and the ribbon-like metal thin 
film are arranged on the protrusions and concavities. 

[Claim 9] 

Pressure wave generator as defined in claims 6 through 8, wherein the 
semiconductor substrate and the porous layer are formed of silicon. 
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(Dietailed Description of fiie Invention] 
(0001] 

(Technical Field to which the Invention Belongs) 

This invention relates to a pressure wave generator for generating a 
pressure wave by heating a medium such as air and is particularly useful as an 
ultrasonic wave generator. 
[0002] 

[Prior Art] 

Almost all ultrasonic wave generators according to the prior art generate 
mechanical vibration by means of a piezoelectric effect or a magnetostriction 
effect. In the case of an ultrasonic wave generator utilizing the piezoelectric 
effect, for example, the generator uses a vibration generating chip produced by 
sintering barium titanate into a disc shape and baking electrodes onto both 
surfaces of the disc, applies an ultrasonic wave frequency electric signal between 
the electrodes of the chip and generates mechanical vibration. The mechanical 

vibration thus generated is transmitted to a medium such-as air. 

[0003] 

The ultrasonic wave generator utilizing such mechanical vibration is easily 
su&ceptible to influences of external vibrations and changes in surrounding air 
pressure. In addition, because the generator has its own resonance frequency, it 
is difficult to generate ultrasonic waves over a wide frequency range. The 
vibration generating chip can be produced only as a discrete product because it is 
difficult to integrate into an integrated, the circuit of the vibration generating 
chip not easily made compact. 
(0004J 
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[Problems that the Invention is to Solve) 

The invention provides a pressure wave eenerator that is not easily 
susceptible to external vibration changes of and surrounding air pressure, can 
stably generate a pressure wave such as an ultrasonic wave over a broad 
frequency range, and can be easily produced by applying present integrated 
circuit technology. 
[0005) 

{Means for Solving the Problems] 

The invention solves the problems by using pressure wave generating means 
formed by depositing a heat generating thin film which can be driven electrically 
onto a heat insulating layer. To thermally generate the ultrasonic wave, it may 
be possible in principle to impart temperature change at a frequency of an 
ultrasonic wave to a surface air layer by using a heat generating member driven 
electrically and thus generate a pressure wave. Generally, however, it is not 
possible to create a great temperature change on the surface of the heat 
generating member due to the heat capacity of the heat generating member itself 
and the heat capacity of the substrate to which the heat generating member is 
fitted, and due also to the heat transfer factor of the substrate, and thus 
ultrasonic wave generation efficiency is very low. Therefore, the invention 
shapes the beat generating member into a thin film form to secure a large surface 
area and thermally insulates the heat generating member from the substrate by 
sandwiching a porous layer or polymer layer having an extremely low heat 
transfer factor between the heat generating member and the substrate so that the 
temperature change on the surface of the heat generating member can become 
large and generation efficiency of the ultrasonic wave can be improved. 
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[0006] 

The ultrasonic pressure wave generator according to the invention has the 
following features not found in the ultrasonic wave generators of the prior art 
using mechanical vibration. 

a. Frequency band Is broad and generation power is high. 
(0007] 

b. The ultrasonic pressure generator does not have any structure weak against 
surrounding air pressure iluctuation. 

c. The ultrasonic wave pressure generator can be produced by applying 
present semiconductor integrated circuit technology including the steps of 
obtaining relatively easily a precise ultrasonic wave array by utilizing silicon fine 
processing technology and integrating this array with peripheral circuits. 
(0008) 

The pressure wave generator according to the invention has the following 
construction. 

(t) The pressure wave generator includes a substrate, a porous layer arranged 
on the substrate and a heat generating thin film deposited onto the porous layer 
and which is electrically driven. 

(2) In the construction described in (1), the heat generating thin film is an 
insulating thin film. 

(3) In the construction described in (1), the heat generating member thin film is 
a Peltier element. 

(4) The pressure wave generator includes a semiconductor substrate, a porous 
layer deposited onto the semiconductor substrate, a ribbon-like metal thin film 
deposited onto the porous layer and a driving signal terminal provided to each 
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end of the ribbon-like metal thin film, wherein the ultrasonic wave is generated 
by using the ribbon-like metal thin film as the heat generating member. 

(5) In the construction described in (4), a plurality of ribbon-like metal thin 
films is provided and the ribbon-like metal thin films is arranged with a specific 
gap between them, either one dimensionally or two dimensionally. 

(6) In the construction described in (4) and (5), a plurality of protrusions and 
concavities are formed, making ribs on the surface of the semiconductor 
substrate, and the porous layer and the ribbon.like metal thin film are arranged 
on the protrusions and convexities. 

(7) In the construction described in (4) through (6), the semiconductor 
substrate and the porous layer are formed of silicon. 

[0009) 

Fig. 1 shows a basic construction of the pressure wave generator according 
to the invention by a typical method, wherein Fig. 1(a) is a sectional view of the 
pressure generator and Fig. 1(b) is its top view. In Figs. 1(a) and 1(b), reference 
numeral 1 denotes a substrate of silicon (Si), or the like, reference numeral 2 
denotes a heat insulating layer formed of porous silicon (Po-Si) or a polymer 
material film formed on the substrate, reference numeral 3 denotes a heat 
generating member thin film such as aluminum (Al) deposited onto the heat 
insulating layer 2, reference numerals 4 and 5 denote signal terminals connected 
to the end portions of the heat generating member thin film 3 .nd reference 
numeral 6 denotes a signal source for generating driving signals of an ultrasonic 
frequency. 
(OOIOJ 

The heat generating member thin film 3 is constituted by an electric 
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resistance member generating joule heat or a Peltier element causing heat 
generation/heat absorption by the Peltier effect, and is driven by the signal 
source 6 via the signal terminals 4 and 5. Incidentally, the signal generated 
from the signal source 6 is a combination of an AC component and a DC 
component so that it has either positive or negative polarity. 
10011] 

The heat insulating layer 2 having a low heat transfer factor is sandwiched 
between the heat generating member thin film 3 and the substrate 1 as shown in 
Fig. 1(a) and the heat flow loss from the heat generating member thin film 3 to 
the substrate 1 can thus be suppressed to a lower level than when the heat 
insulating layer 2 does not exist. In consequence, the temperature change 
created in the heat generating member thin film 3 by a given signal driving the 
heat generating member thin film 3 is greater, and pressure wave energy 
transmitted to the air layer in contact with the surface of the heat generating 
member thin film 3 becomes great, too. 
I0012J 

Next, the operation principle of the pressure wave generator according to 
the invention will be explained. 
Temperature change on soli d surfa^ 

As shown in Fig. 2(a), the change of the surface temperature of a solid made 
of a certain material when the heat generating member thin film is sufficiently 
thin is given by the following formula T(a)) where the heat conduction factor of 
the solid is a, heat capacity per unit volume is C and angular frequency is o 
provided that input/output of energy q(a>)[w/cm'] exists: 
[0013] 
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[Formula 1] 



[0014] 

Therefore, the change of the surface temperature of the solid with a given 
change in energy becomes greater when a material having a smaller aC value is 
used for the solid. Referring to Fig. 2(b), when the thickness of the solid having 
a heat conduction factor a and a heat capacity C per unit volume is x = I and 
another material having sufficiently greater heat conduction factor and greater 
heat capacity than a and C exists in the region x > 1, the thickness expressed as: 
[00151 

(Formula 2] 

10016] 

or around causes, only the DC component is allowed to effectively escape while 
the AC component of heat generation is left as such (details omitted). 

Generation of sound from t emperature changg} 

When any temperature change occurs on the solid surface, the thickness of 
the air layer corresponding temperature change is given approximately by: 
[001 7| 

(Formula 3] 



(0018) 

When this value is calculated for air, d = 7.6 urn at 100 kHz and is inversely 
proportional to the root of the frequency. Therefore, the value does not become 
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an extremely small value. Assuming that the temperature of an air layer having 
a thickness h is rorcedly changed to T(€d) as shown ID Fig. 3, a progressive sound ; 
wave having an intensity expressed as: 
(0019] 

[Formula 4) 
|0d20] 

occurs in air. In this equation, k is the wave number of a plane wave 
corresponding to the frequency. When X is a wavelength of the sound wave and ; 
is aet to h = Xy(4VY), this makes p(a)) = PoT(qj)/To so that a temperature amplitude 
of 1 K, for example, generates a sound wave of 300 Pa (with the proviso that y = 
1.4). 
10021] 

[Embodiment of the Invention] 

It is well known that according to the fundamental equation of heat 
conduction, when the size scale of a structure in general is reduced to 1/n, the 
speed of a heat conduction phenomenon becomes increases about n* times and the 
total energy necessary for obtaining a predetermined temperature is reduced to 
1/n. Therefore, when the frequency of the ultrasonic wave to be generated 
becomes higher, it becomes more advantageous to reduce the device size of the 
ultrasonic wave generator. To achieve this end, flne processing on the order of 
|im to nm and other technologies are necessary but most of them can be readily 
achieved by utilizing existing semiconductor integrated circuit production 
technology. 
[0022] 
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In the cas« of the heat insulating layer sandwiched between the heat 
generating member thin film and the substrate, for example, it is necessary to 
drastically reduce the heat conduction factor and its heat capacity C per unit 
volume as described with reference to the formula (1) and this can be 
accomplished by rendering the silicon surface porous by a large number of pores 
in the nm order to a depth expressed as: 
[0023] 
{Formula 5] 



10024] 

or more. Such a porous layer is called "porous silicon" and is obtained by 
clectro-chemically etching single crystal silicon in a hydrofluoric acid solution. 
The pore density and the depth of the porous layer are controlled by the voltage 
and the time elapsed. 
[0025) 

The heat conduction factor a and the heat capacity C per unit area of 
typical porous silicon are as follows. aC is aboat 1/400 that of crystalline silicon. 
Here, L is 2 |im for 100 kHz. 
[0026] 
[Table 1] 





[W/m/Kl 


C riO»J/K/m'I 


crystalline silicon 


168 


1.67 


porous silicon 


1 


0.7 



(0027] 



Fig. 4(a) shows an example of the device and a mechanism for 



measuring 
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the sound pressure generated. In the drawing, a porous layer (porous silicon) 8 
haying a thickness of 10 to 50 |Am is formed on the surface of a planar single 
crystal silicon substrate 7 having a thickness of 1 mm, and an aluminum thin film 
9 used here as the heat generating member for generating Joule heat at ultrasonic 
wave frequency is vacuum deposited to a thickness of 30 nm onto the porous layer 
8. 

10028] 

An acrylic cover 11 having a microphone 10 at its center is fitted to the 
surface of the device so fabricated and a thin sealed air layer of 0.1 mm is formed 
to conduct sound pressure measurement. Fig. 4(b) shows amplitude [PaJ of the 
fluctuation of sound pressure observed at various frequencies [kHz] when an 
input voltage of 1.0 z 10 ' [W/cm^J is applied, in the devices in whieh the porous 
layers 8 respectively have thickness of 10 ^m, 25 |un and 50 |jun. The resulting 
sound pressure tends to be in inverse proportion to the root of the frequency. 
(0029) 

Fig. 5 shows an embodiment of the device in which the surface of the heat 
generating member is shaped into ribs. In the drawing, a plurality of ribs 13 is 
equidistantly formed on the silicon substrate 12, Each rib 13 is covered with a 
porous layer 14 and an aluminum thin film 15 used as the heat generating 
member is vacuum deposited on the entire surface of the porous layer 14. 
[0030] 

As described above, the thickness of the air layer which is affected by 
change in the temperature of the solid surface is given by: 
(0031] 

(Formula 6] 
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[0032] 

SO that d - 7.6 lim for 100 KHz. Since this d value is inversely proportional to 
the root of the frequency, air inside the gap at a frequency of 100 KH» or below 
can be changed in the same way as the solid surface temperature, that is, in the 
same way as the Joule heat fieneration temperature of the aluminum thin film 15 
provided that the heat generating member has the rib structure and the gap g 
among the ribs is set to about IS |tm as shown in Fig. 5. The aluminum thin film 
15 is electrically continuous throughout the ribs 13 and is driven by the signal 
from the signal source 16 connected to the ribs 13 at the two end portions to 
generate the Joule beat. The magnitude of power consumption of the aluminum 
thin nim 15 depends at this time on the resistance value of the aluminum thin 
nim 15 and the signal voltage of the signal source 16. The resistance value of 
the aluminum thin film IS can be set to a desired value by changing its vacuum 
deposition thickness. 
100331 

The relation between consumed power and the output sound pressure in the 
device having the rib-like structure shown in Fig. 5 can be calculated directly 
from the formulas (1) and (2). When the silicon Surface is the porous silicon 
used for the following experiment, the temperature fluctuation amplitude where 
Joule heat generation is 1 W/cm' is 1.5 x 10 ' (KJ for 100 KHx and this value is 
equivalent to 5 Pa (105 dB) of sound pressure fluctuation amplitude. 
Incidentally, when the height h of the rib is h - 700 |im and the thickness s of the 
silicon which is the core of the rib is 10 |im, the temperature at the distal end 
portion of the gap rises by about 2 K. 
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[00341 

Fig. 6 shows the relation between the gap width and the attenuation ! 
distance (distance at which amplitude is reduced to 1/e) when the sound wave i 
travels through a narrow gap. When the air layer is 10 |un thick, the viscosity 
loss during the passage through the gap is not large when the frequency is set to 
1,000 KHz or about 1/4 the wavelength of the ultrasonic wave. 
[003S| 

It is also possible to utilize heat generation/heat absorption by the Peltier 
element used as the heat generating member in place of the Joule heat shown in 
Fig. 5. Fig. 7 shows an embodiment having the rib*like structure in which a 
Peltier element is formed in each rib. 
(0036) 

In Fig. 7, a p type porous silicon layer (Po Si (p)) 17 and an n type porous 
silicon layer (Po Si (n)) 18 are formed in parallel in the vertical direction on both 
sides of each rib 13, and the aluminum thin film 19 is vacuum deposited onto the 
silicon layers. 
[0037] 

In the Peltier element, the metal electrode is deprived of heat energy and is 
cooled at the junction between the a type semiconductor and the metal electrode, 
when electrons migrate from the metal electrode to the n type semiconductor. 
When electrons migrate from the n type semiconductor to the metal electrode, 
conversely, the n type semiconductor is deprived of heat energy by the metal 
electrode and heat is generated on the metal electrode. A similar phenomenon 
occurs during the movement of positive boles between the p type semiconductor 
and the metal electrode, too, and heat energy is carried in the direction of the 
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positive holes. In Fig. 7, when the voltage is applied between the p type porous 
silicon layer 17 and the n type porous silicon layer 18 in the direction whereby 
the p type porous silicon layer 17 acquires the higher potential, the current flows 
from the p type porous silicon layer 17 to the n type porous silicon layer 18 
through the aluminum thin film 19. As a result, heat generation occurs in the 
areas where the aluminum thin flim 19 keeps contact with both the p type porous 
silicon layer 17 and the n type porous silicon layer 18. However, since heat 
absorption occurs at the points at which the voltage is applied to the p type 
porous silicon layer 17 and the n type porous silicon layer 18, this voltage 
application point must be arranged at a position spaced apart from the rib 
structure. 
[0038| 

An ultrasonic wave array can be constituted by arranging one- or two- 
dimensionally the devices having the rib structure in Fig. 5 or 7. Fig. 8 shows a 
structural example of the ultrasonic wave array. 
(00391 

In Fig. 8, devices 21-1 to 21-9 are cquidlstantly arranged 3 z 3 on the 
substrate 20. Each device 21-1 to 21-9 is connected to a respective signal line 22. 
An ultrasonic wave beam having sharp directivity can be generated in a desired 
direction by appropriately setting the driving timing of each device. 
Alternatively, a strong sound field can be generated by driving each device with 
the same timing to generate waves in a sealed space narrower than the 
wavelength as shown in Fig. 3(a). 
(0040) 

Incidentally, in the embodiments described above, the heat insulating layer 
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dUposed below the bent generating member uses the porous layer of porous 
silicon or the like, but other materials having a low heat transfer factor such as a 
polymer material can be used, too. 
(0041] 

[Effect of the Invention] 

The pressure wave generator according to the invention generates a sound 
wave without using the mechanical vibration generating means of the ultrasonic 
wave generators of the prior art. Therefore, the pressure wave generator of tiie 
invention is not easily susceptible to the influences of external vibration or 
changes of surrounding air pressure, and can generate ultrasonic waves over a 
wide frequency range. 
(0042J 

Furthermore, present integrated circuit technology can be easily utilized to 
manufacture the pressure ware generator of the invention, and peripheral 
circuits of the sound wave generating device, for example, can be formed on the 
silicon substrate. Consequently, the whole system can be fabricated compacHy 
and economically. 
(Brief Description of the Drawings] 

(Fig. IJ Fig. 1 is an explanatory view showing a basic construction of a 
pressure wave generator according to the invention. 

(Fig. 2) Fig. 2 is an explanatory view of thermal conductivity of a solid, its 
heat capacity, and surface temperature change. 

(Fig. 31 Fig. 3 is an explanatory view of generation of a sound wave by heat. 
|F»g. 4J Fig. 4 is an explanatory view showing an example of a device and 
measurement of sound pressure generated. 
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(Fig. 5J Fig. 5 is an explanatory view showing an embodiment in wiiich a ' 
surface of a beat generating member is shaped into ribs. 

|Fig. 6J Fig. 6 is a graph showing the relation between gap width and a sound ; 

j 

wave traveling through the gap. 

fFig. 7J Fig. 7 is an explanatory view showing the configuration of an [ 
embodiment device using a Peltier element. 

[Fig. 8] Fig. 8 is an explanatory view showing a structural example of an 
ultrasonic wave array. | 
(Description of Reference Numerals] 



1 



substrate 



heat insulating layer 
heat generating member thin film 
4, 5: signal terminal 
6: signal source 
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Fig. 1: Basic consCraction of pressure wave geoerator accordins to the 
invention 

(a) sectional view 

3: heat generating member thin film 
2: heat insulating layer 
1: substrate 

(b) top view 



signal terminal 
signal terminal 
signal source 



Fig. 2: Heat conductivity, heat capacity and surface temperature change of 
the solid 
1: air 
2: solid 

Fig. 3: Generation of sound wave by heat 
1: soundwave 
2: air 

Fig. 4: Example of device and measurement of resulting sound pressure 

(a) device cross section and sound pressure measurement configuration 

10: microphone 

11: acrylic cover 

9: aluminum thin film 
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f 



8: 



porous layer 



7: 



single crystal silicon substrate 



(b) 



relation between thickness of porous layer and resulting sound pressure 
sound pressure fluctuation amplitude 



m 



frequency 



Fig. 5: Embodiment of device in which heat generating member surface is 
shaped into ribs 

12: silicon substrate 
13; rib 

14: porous layer 
ISt aluminum thin film 
16; signal source 
12: silicon substrate 
C: current 

Fig. 6: Relation between gap width and traveling sound through the gap 
pressure 

attenuation distance 



m 



gap 



Fig. 7: Embodiment of device using Peltier element 
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Fig. 8: Structural example of ultrasonic wave array 

20: substrate 
22: signal line 
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JaZiKa^SiifcT^Va-^A (A I ) ^li: 

[0010] ^M(^H3ii. y*-;n»ta^r5« 

aiS!ft*A 5l»ja'>;7l' ^xjaMRfc J: 5^/«|»J6|f 5 

1 - J I 



(3> 1*M¥ 1 1- 3 00 274. 

4 

loo 1 1 ] BIO (a) ccs^Snei^tc. ^^f^cS 

"{cWtr««tt«ffl|3(c^U'5tafltgC^t3W:*:a < a 
•3. :ft«ii*»iii3©«iij(cjfi-rs^««:eaa#i*)aE 

3 titc^mtrntfi+^icm < s n-ct > * i e 

[0013] 
20 (» 1 ] 



(1) 



[0014) U/cA^-5XHi*<D*^«iLTWaC*^>'^S 
<fcAJ7«C* < <r*. CCfia2© (b) {CS*-rj:5K:. m 
= liL/, x>l©«l!B(Ca. CJ:'Oiy+^ic:^»tm 

e»art«s»*<,-oj}!|©«i4ft$?¥ftr«J»^(cw. 

[00 15] 

ia2: 



to 0 I 7 ] 
[Ik3] 



30 



10 0 16] S«fc4Si. »«©3iS!lt8i^tt*0«a 



[0018] «tt-C*S. ^K:3»l,XC©ffi*»f«T 
«4, 1 00kHz«:J3l»Td = 7.e wm<cAj:i3. IBjft 

C». *fcW3(C^TJ:5«:. flF.3h©3S«fli©iftflt;>saf 
IMWtcT {©) <OJ:'>K.RitSitP,t\tc6Ti>t, ^» 

[00 19] 
(ft4] 



I P <w) I - 



Po 



I T (fl)> 



I I- Jeot (/-r" MO /VT"! 



To 



(2) 



1 0 0 ? 0 ] &45tlI©«tf»iS*i«3fe-rS. kJtSiS 

T. h^A/ (4/-T) tCSSftilfp (<a) =Po T 
(w) /To 4/:cO. ff!;l«lK©jafiaEiiaii3 OOP 

a oys&^^ti (tcfcbr=tAtr^) . 
[0 02 1) 

[ »IH<03EI8©JB.« ] «ie»©S:*:7?aiC{<: J: * 4 . - so 



«K:«ffl©;^>r-;V*ii/n{ciit*4%R(Jn' f8i*3 

«ctt9. »f:£©aaa:twi)tK>©x*^i/:^^-eai«jitt 1 

/n{c«f*C4«J:<*i3%*aTI,»S. tfti*Jr>-c»tL, . 
J:5 4TSiiaSffl©S«»*Jit</'x5H4'. fiWiSafe^ 
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[0023 J 
I»5] 



(4) 4«M^ 1 1 -3 0027 4 

6 

[0 0 2 5] iftg2KJtc3j<-3XJ/Ua>OJ|!M5aiseia. 

ttl GO kHz{C4tfli"C2 wmTAS. 
10 [002 6] 
[«(I1 







C C10» J/S/Mfl 


Ift A £/ tj 9 > 


1 6 8 


1. a 7 




1 


0. T 



[0 02 7] 04<D (a) tS. r^U:t.<0imi:9i&'§ 
j&l''; ^>»«7<DKMCCl*. 1 0~ 5 0 ii m«eD^?l 

[0028] coj:^K:fcfFe>mcr-'<-<;^oiaB 

1 «:BKi3 0. 1 «iiiW©»t»awSSVlt:jefiEl/-r# 
JE»)S*|f^/fc. ia4<?> <b) t*. »AS«80V»;»i 

1 0 um. 25 urn, 5 0 //m©Sf /f-f >^(coi,i-r, 

1.0 X 1 p-' [w/orf ] op^m^i^xfttiicu 
mstitcmmsi [ k h z i (cA^-^^^^sfEEooiw [ p 

[ 0 0 2 0 ] 19 5 a. ^{$mimc vacisiSiL 

[0030] afiEflMoiaflSt^ktcii 

[003 1] 
[«6] 

"2a- 



/ i d" 

/~Zc' 



[00 3 2] r-^^^tl, 1 0 0 kH7.-C»d = 7.6 u 
1 0 0 k H ztiT<D®aat:c*»UT4f :/(^©2Sl>S: 



is^icj:')tmsnx'^^'-)mi^ri,. c©i* 

[0 03 3] ia5tc^-r£>y£«t«l3ft**,07=/t-/.xtcfe 
If *?H1t«*itfl»*EEOM»W < 1 ) fcjrcf ( 2 ) 

-^w^tcA^T-SiattfiiStBts: 1 0 0 k H z fcJBt^ri . s 

j<io-' [K] i«to. ^smmmMTitbPa 

( 1 0 5 d B) icrti,. rtis, i>r£09S h = 7 0 0 u 

m. C»rt©S:i«cai-' y =i>«ig{<^/5!;z> s = 1 0 Mm <!: 

[0034] iifcm\>>'lrf y V*^»JjlfT-r-S«©4'" 
(iBttjWl/etoac^SEJl) i©BB 
40 WJiHeKTrran. SSW©»3Jfei o^mirSi l 
0 0 0 k H, iBt«© 4 »© 1 iSfi«flfK:HST4«l 
^, -eo=f-P"^^«ii^7-r*IS©ttlilH5lcW:?t#<!tt 

(<». 

[0 03 5] RflM*4LT. ia5©J:^>lCi?a-JV<»t 

[0 03 6] H7«c*il»-C. SO/il 3©HHiJlc-^-n-e 
*apS>P-7;^ix«;3»i (Po SI (p))i7in 
50 31;|«-5^*^>;3>JB (Po S< (n) ) IStifciT 
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[0 0 37 ) -t-'l'f^iJR^ rW. nS!^»{*<!:ife]H«« 
«ffi'v««r S i * n 4^ 

7<|ijAiw«fit<!:<c-5rai*K:«nE«rEn)!)nr5 

-9:*t'»;3»il 7*jJ;CXnSS#-^;^i''Jzi>»i 

[0038] SI5*.Jl»ttE|7 K^TJ:^'iO!'£fl|jS'£ 

[0 03 0)ia8lCli»l>T. 3l«2 0j:tt, 35<3<Of 
><'^;?',2 1-1-2 1 -9di«iaiWCffiKSfl-Cl»S* 
7^'W;^2 1-1-2 1 -9«-e*l^^. m*i»22K. 



(5) WM^ I 1 -300274 

B 

* ©TJUcsaw siWMui^ u-c u<- -> X y 3 »ic t'o 

[0 04 1) 

10 [ 0 0 4 2 ] S ^tc4=»BJiR«r««a@K^cDWffl 

20 mmiaxit,^. 

IB 3 ] Rft(c J: i^tto^OlA^B-C* 2 . 

[Hs ] ^^ttiHto^ttecj^jai./tsato^jB^Tn-i- 
1 :S« 

6 : ^s^m 



[193] 



7T«)^ 




me: 
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(6) 1 1 -300 274 





(b) ^9Lfti«>«frtft£tKaiH4|i 
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nnv- 1 I - 3 0 0 2 7 4 



